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MASS SPECTROMETER 

The present invention relates to a mass 
5 spectrometer and a method of mass spectrometry. 

In many mass spectrometry c applications very 
complex mixtures of compounds are analysed- Individual 
components within these mixtures may be present with a 
wide range of relative concentrations/ This can give 
10 rise to a wide range of ion current intensities which 
are transmitted to the mass analyser and the ion 
detector. For many of these applications it is 
important to produce quantitative and qualitative data 
(in the form of exact mass measurement) for as many 
15 components as possible. This can place very high 

demands upon the dynamic range of the mass analyser and 
the detection system employed' in the mass spectrometer. 

Qn^ method which has been employed to e^temd the 
dynamic range for quantitative and qualitative analysis 
20 is to adjust the intensity of the ion beam transmitted 
to the mass analyser by a pre-deterniined factor. This 
ensures that mass spectral data is then only recorded 
when the ion beam received by the mass analyser does not 
cause saturation of the mass analyser or ion detector. 
25 In general, known ways of reducing the intensity of 

an ion beam use either a focusing or deflecting 
electrostatic lens upstream of a plate having an 
aperture. The profile of the ion beam may be expanded 
by the electrostatic lens or the ion beam may be 
30 deflected in a direction away from the initial direction 
of the ion beam such that only a portion of the ion beam 
is transmitted through the aperture in the plate. The 
remaining ions strike the surface of the plate. For 
example, a known arrangement increases the dynamic range 
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by attenuating an ion beam in a low transmission mode of 
operation by defocusing the ion beam such that the 
profile of the ion beam exceeds that of an aperture of 
an exit slit arranged downstream of an Einsel lens , 
5 Accordingly, in the low transmission mode of operation 
only a fraction of the ions pass through the aperture of 
the exit slit arranged downstream of the Einzel lens 
whilst the remaining ions strike the surface of the exit 
electrode. The reduced intensity ion beam is then mass 

10 analysed. As an alternative to defocusing the ion beam 
it is also known to deflect the ion beam to one side 
such that in a low transmission mode of operation most 
of the ion beam impinges upon the exit slit and only a 
small proportion of the ion beam is transmitted past the 

15 exit electrode. However, the conventional methods of 
either defocusing or deflecting an ion beam using an 
Einzel lens arrangement to reduce the transmission of an 
ion beam suffer from a number of problems. 

Firstly, it is difficult to precisely operate the 

2 0 known Einzel lens arrangement in a conventional manner 
such that the desired attenuation of the ion 
transmission is precisely achieved. Generally, the 
Einzel lens arrangement must first be calibrated by 
measuring the transmission of the Einzel lens system at 

25 several different lens conditions in order to 

empirically 'determine the relationship between the 
voltages applied to the Einzel lens and relative 
transmission of the Einzel lens. However, this 
relationship may also depend upon the settings of other 

30 focussing elements in the system. Consequently, it is 
necessary to recalibrate the Einzel lens at regular 
•intervals in order to ensure an accurate estimation of 
the relative transmission. 
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Secondly, the portion of the ion beam which is not 
allowed to pass through the aperture of the exit slit 
strides the surface of the exit slit predominantly in 
the region surrounding the aperture in the exit ©lit- 
is This can cause surface charging 1 around the aperture in 
the exit slit. As a result an additional potential due 
to surface charging effects may be present around the 
aperture in the exit slit which may interfere with ions 
being transmitted through the exit slit. This can lead 
10 to changes in the focussing of the ion beam and as a 

result the ratio between the high and low transmission 
modes of operation may suffer from instability. 

Thirdly,- tfcte conventional approach of defocusing or 
deflecting the ion beam can alter the cross-sectional 
15 profile of the ion beam, the spatial and angular 

distributions of the ion beam and the velocity or energy 
profile of the ian beam. This can affect, the 
performance, mass resolution and mass calibration of a 
mass analyser which mass analyses the ion beam. 
20 Fourthly, if the cross sectional profile of the ion 

beam passing through the Einsel lens varies as a 
function of mass to charge ratio , then the relative 
transmission between high and low transmission modes of 
operation may be different for ions having different 
25 mass to charge ratios. This may cause an additional 
complication in calibrating the effect of the 
attenuation across a wide range of mass to charge 
ratios. For example, the cross sectional profile of an 
ion beam exiting an Electron Impact ( Tr EI Tr ) ion source or 
3 0 a Chemical Ionisation ("CI") ion source may vary with 
respect to mass to charge ratio due to the mass 
dispersing action of stray magnetic field from magnets 
employed to focus the ionising electron beam in the 
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ionisation source . As another example, an ion transfer 
device utilising RF voltages may have transmission and 
focussing properties which are dependent upon the mass 
to charge ratio of ions. 
5 It is therefore desired to provide an improved mass 

spectrometer and method of mass spectrometry * 

According to the present invention, there is 
provided a mass spectrometer as claimed in claim 1, 
The preferred embodiment relates to a way of 

10 attenuating a continuous ion beam by rapidly gating the 
transmission of ions between low f preferably zero 
transmission and high (or full) transmission through an 
ion beam attenuator. A particularly advantageous 
feature of the preferred embodiment is that the degree 

15 of attenuation can preferably be precisely controlled 

and predicted by varying the time spent by the ion beam 
attenuator in either the zero or high (e.g. full) 
transmission modes - 

In a preferred embodiment the ion transmission is 

20 adjusted using a pulsed ion gate or ion beam attenuator. 
During a low transmission mode the ion gate is 
preferably closed and hence preferably no ions p.ass 
through or exit from the ion gate i.e. the attenuation 
factor is substantially 100%. During a subsequent 

25 period during which the ion gate is open preferably a 

large proportion of the ion beam passes through or exits 
from the ion gate and hence the ion gate has high or 
full transmission i.e. the attenuation factor may be 
very low or preferably 0%, By changing the mark space 

3 0 ratio of the ion beam attenuator between the two 

transmission modes the average flux of ions through the 
system may be precisely adjusted. 
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The preferred method of controlling the 
transmission or attenuation, of an ion beam preferably 
overcomes various problems associated with the 
conventional methods , In particular, the attenuation 
5 factor by which the transmission of ions is reduced may 
be precisely controlled and predicted. The relative 
transmission is also directly proportional to the duty 
cycle of the gating 1 pulse or ion gate/ and this negates 
any requirement for calibration of the attenuating 

10 characteristics of the device- 

The preferred ion beam attenuator is also 
preferably arranged such that during a zero (or low) 
transmission mode of operation ions are directed away 
from and preferably do not impinge upon surfaces which 

IS are in close proximity to the ion beam when the ion beam 
attenuator is in a subsequent high or full transmission 
mode i.e. the ion beam is preferably arranged so as not . 
to impact around an aperture in an exit slit through 
which ions are subsequently transmitted in a high 

2 0 transmission mode of operation. This significantly 
reduces surface charging effects which can otherwise 
adversely effect the focussing (and hence transmission) 
of the ion beam particularly in a high (or full) 
transmission mode of operation. 

2 5 According to the preferred embodiment the ion beam 

is only transmitted under high or full transmission 
conditions. Under these conditions the gating device or 
ion beam attenuator is effectively inactive- Thus the ■ 
overall transmission resulting from switching the ion 

3 0 beam attenuator between modes may preferably be reduced 

without introducing significant spatial aberrations and 
without introducing energy spread of the ion beam as may 
be associated with conventional arrangements. 
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Since the ion beam is preferably only transmitted 
under high or full transmission conditions where the ^ 
gating device or ion beam attenuator is preferably 
inactive, the preferred embodiment results in an ion 
5 beam attenuator which has a constant attenuation factor 
with respect to mass to charge even if the ion beam is 
inhomogeneous with respect to mass to charge ratio* 
This is a particularly advantageous aspect of the 
Preferred embodiment. 
10 Various embodiments of the present invention will 

now be described, by way of example only, and with 
reference to the accompanying drawings in which: 

Fig. 1 shows a conventional Einzel lens arrangement 
in a high transmission mode of operation; 
15 Fig. 2 shows a conventional Einzel lens arrangement 

in a low transmission mode of operation wherein the ion 
beam is defocused; 

Fig* 3 shows a conventional Einsel lens arrangement 
in an alternative low transmission mode Df operation 
2 0 wherein the ion beam is deflected; 

Pig, 4 shows a ^ro transmission mode of operation 
according to an embodiment of the present invention 
wherein a retarding potential is applied to an electrode 
of an ion gate or ion beam attenuator; 

2 5 Fig- 5 shows a preferred ion gate or ion beam 

attenuator in a high transmission mode of operation; 

fig. 6 shows a voltage timing diagram illustrating 
the time during which a retarding voltage pulse is 
applied to an ion gate or ion beam attenuator according 

3 0 to a preferred embodiment; 

Fig. 7 shows an attenuative zero transmission mode 
of operation according to an embodiment of the present 
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invention -wherein a deflecting potential is applied to 
an electrode of an ion gate or ion beam attenuator; 

Fig* 8 shows a SIMIONf (RTM) model of a preferred 
ion gate or ion beam attenuator in a high transmission 
5 mode of operation; 

Fig, 9 shows a 3D potential energy diagram of the 
potentials within the preferred ion gate or ion beam 
attenuator in the high transmission mode of operation as 
shown in Fig. 8; 
10 Fig, 10 shows a SIMION (RTM) model of a .preferred 

ion gate or ion beam attenuator in a zero transmission 
mode of operation; 

Fig. 11 shows a 3D potential energy diagram of the 
potentials within the preferred ion gate or ion beam 
15 attenuator in the zero transmission mode of operation as 
shown in Fig* 10; 

Fig. 12 shows an experimentally determined 
relationship between the relative transmission of an ion 
beam attenuator according to a preferred embodiment 
2 0 versus the duty cycle of the ion beam attenuator; 

Fig. 13 shows the same data as shown in Fig. 12 
but plotted on a log-log scale for sake of clarity; 

Fig. 14A shows a mass spectrum obtained at 100% ion 
transmission with an Electro^pray ion source and Fig. 
2 5 14B shows a corresponding mass spectrum obtained when an 
ion beam attenuator according to the preferred 
embodiment was used to attenuate the ion beam by 90%; 
and 

Fig. 15A shows a portion of the mass spectrum shown 
30 in Fig. 14A in greater detail and Fig. 15k shows a 
portion of the mass spectrum shown in Fig. 14B in 
greater detail . 



21/05 '04 FRI 15; 04 FAX 01273 244244 



F r B ,PEEN 



- 8 - 

A conventional sins el lens arrangement is shown in 
Fig. 1 wherein the Einzel lens arrangement is in a high 
transmission mode of operation- As such, a beam of 
positive ions la is transmitted by the Einzel lens 
5 arrangement substantially without being attenuated i.e. 
the ion beam transmission is 100% and the attenuation 
factor is 04. The Einzel lens arrangement comprises an 
electrostatic lern? assembly comprising first electrodes 
2a, 2b, second electrodes 3a r 3b and third electrodes 
10 4a, 4b* An exit slit or electrode 5 is also provided 
downstream of the third electrodes 4a, 4b, In a high 
transmission mode of operation the first, second and 
third electrodes 2a, 2h r 3a, 3h r 4a, 4h are held at nominally 
identical voltages such that an essentially field free 

15 region is provided within the ' Einzel lens arrangement. 
The ion beam is fully transmitted through the exit slit 
or electrode 5 and hence the ion beam lb which emerges 
from the Einzel lens arrangement has substantially the 
same intensity as the ion beam la which was initially 

2 0 received by the Einzel lens arrangement . 

Fig. 2 shows the same Einzel lens arrangement as 
shown in Fig. 1 but operated in a low transmission mads 
of operation wherein the second electrodes 3a, 3b of the 
Einsel lens arrangement are now supplied with a voltage 

25 which is above that of the voltages applied to the first 
and third electrodes 2a, 2b, 4a, 4b (and also the exit slit 
or electrode 5) . As a result the ion beam 1 passing 
through the Einzel lens arrangement is substantially 
defocused. A large proportion of the ion beam impinges 

30 upon the exit slit or electrode 5 and only a small 

proportion of the ion beam passes through the exit slit 
or electrode 5. Accordingly, in this mode of operation 
the ion transmission is reduced by a certain amount e.g. 
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the ion beam lb which emerges from the Einsel lens 
arrangement may, for example/ be attenuated by 90%. As 
can be seen from Fig, 2 in the low transmission mode of 
operation a significant proportion of the ion beam 
5 impinges upon the front surface of the exit slit or 
electrode 5 in a region close to or immediately 
surrounding the opening or aperture in the exit slit or 
electrode 5. As discussed above, an ion beam impinging 
upon the e?sit slit or electrode 5 can cause surface 
10 charging effects which can affect the subsequent 

transmission of ions through the exit slit or electrode 
5 particularly in a subsequent high transmission mode of 
operation - 

Fig* 3 shows an Einzel lens arrangement operated in 
15 an alternative low transmission mode of operation 

wherein the two electrodes -3a, 3b forming the second 
electrodes are maintained at different relative 
voltages* In the arrangement shown in Fig. 3 one of the 
second electrodes 3a is raised to a voltage which is 

20 above that of the voltage applied to the other second 

electrode 3b and which is also above the voltage applied 
to the first and third electrodes 2a, 2b, 4a, 4b and the 
exit slit or electrode 5. The ion beam is, as a result, 
deflected away from the second electrode 3a to which a 

25 high voltage is applied by the raised potential on -that 
electrode 3a. As a result the majority of the ion beam 
is deflected so as to impinge upon the exit slit or 
electrode 5 but a small proportion' of the ion beam is 
onwardly transmitted by the exit slit or electrode 5, 

30 However r as can be seen from Fig. 3 the ion beam lb 

which ±s onwardly transmitted is substantially off-axis 
or inclined to the direction of travel of the ion beam 
la received by the Einzel lens arrangement. 
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In the low transmission mode of operation shown in 
Pig. 3 the ion beam may, for example, be attenuated by 
90%. The remainder of the ion beam is incident upon tha 
front surface of the exit slit or electrode 5 in very 

5 close proximity to the opening or aperture in the exit 
slit or electrode S* The detrimental effects due to 
surface charging of the exit slit or electrode 5 can 
therefore be particularly problematic with this 
particular arrangement and mode of operation - 

10 As will be ' appreciated one of the problems with the 

conventional modes of operating an Einziel lens 
arrangement to attenuate' an ion beam is that a 
significant proportion of the ion beam will impinge upon 
an exit slit or electrode 5 in a way such that surface 

15 charging effects in a region adjacent to an opening or 
aperture in the exit slit or aperture 5 are likely to 
adversely affect the subsequent performance of the 
Einzel lens arrangement especially when the lens is 
switched to a high transmission mode of operation* 

20 A preferred embodiment of the present invention 

will now be described with reference to Fig. 4. A beam 
of positive ions 1 is shown traversing an electrostatic 
lens assembly arranged and operated according to a 
preferred embodiment. The preferred lens arrangement 
. 25 comprises first electrodes 2a,2b f second electrodes 
3a f 3b r third electrodes 4a, 4b and an exit slit or 
electrode 5. . The second electrodes 3a, 3b preferably 
have a radial separation which is greater than the first 
and second electrodes and which may be comparable to the 

30 radial separation of the exit slit 5 or the diameter of 
an aperture in the- exit slit 5. At a. first time Tl a 
gate or retarding voltage is preferably applied to the 
third electrodes 4a. 4b. The gate or retarding voltage 
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preferably causes the entire ion beam to be reflected or 
retarded in such a way that the ions are accelerated in 
an opposite direction to their initial direction of 
travel. The reflected ions are preferably arranged to 
5 fall incident upon the rear surface of the second 

electrodes 3a, 3b which are preferably spaced away frora 
the central axis . In this mode of operation the ion 
beam transmission through the exit slit or electrode 5 
is preferably aero or substantially zero. 
10 Fig. 5 shows a subsequent high transmission mode of 

operation wherein at a second later time T2 ths first 
electrodes 2a, 2b, second electrodes 3a, 3b and third 
electrodes 4a r 4b are held at potentials (e,g, the same 
potential) such that the ion, beam is now fully 
15 transmitted through the exit slit or electrode 5, 

According to tha preferred embodiment the ion beam 
• attenuator (e.g- Einzel lens arrangement or less 
preferably another form of ion beam attenuator) is 
preferably repeatedly switched back and forth between a 
20 high transmission mode of operation and a low 

transmission mode of operation. According to less 
preferred embodiments the ion beam attenuator may also 
be switched to one or more further or intermediate 
modes* The degree of attenuation of the ion beam 

2 5 depends upon the relative amounts of time the ion beam 

attenuator spends in the high and low transmission 
modes - 

According to the preferred embodiment the ion beam 
is mass analysed on a much slower tiraescale than the 

3 0 speed of switching the ion beam attenuator between 

modes. For example, with a conventional arrangement the 
Einzel lens is switched to a low transmission mode of 
operation and then the ion beam is mass analysed- The; 
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Einzel lens is then switched to a high transmission mode 
of "operation and the ion beam is then again mass 
analysed again. Accordingly, the mass analyser 
acquires , samples or mass analyses an ion beam at the 
5 same rate and in a synchronous manner to the switching 
of the Einzel lens- In contrast/ according to the 
preferred embodiment it is the repeated switching 
between modes of the ion beam attenuator which reduces 
the intensity of the ion beam and the switching between 

10 modes may be foster and asynchronous to the acquisition 
rate of the mass analyser. For example, according to an 
embodiment the ion beam attenuator may be switched, for 
example, at least 50-100 times between different mode 3 
to reduce the intensity of the ion beam before the ion 

15 beam is mass analysed i.e. the acquisition rate of the 
mass analyser may be amch slower than the speed of 
switching the ion beam attenuator. Furthermore, the 
rate of acquisition of the mass analyser is preferably 
essentially asynchronous to and decoupled from the 

2 0 switching of the ion beam attenuator. 

Fig- 6 shows a voltage timing diagram according to 
a preferred embodiment wherein a gate or retarding 
voltage is applied to or switched ON to the third 
electrodes 4a, 4b (or is otherwise switched ON) starting 

25 at a time Tl and lasting for a time period ATI . During 
the time period ATI the transmission of the ion beam 1 
through the exit slit or electrode 5 remains 
substantially zero i.e. ions are reflected away from the 
third electrodes 4a r 4b back towards the rear surface of 

30 the second electrodes 3a, 3b whereupon they impinge, 
Substantially no ions therefore exit the ion beam 
attenuator in this mode of operation. At the end of the 
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time period ATI the gate or retarding voltage applied to 
the third electrodes 4a, 4b is then preferably switched 
OFF, The gate or retarding voltage then preferably 
remains OFF for a time period AT2 which is preferably 
5 shorter than the time period ATI. During the time 

period AT2 during which the gate or retarding voltage 
remains switched OFF the transmission of the ion beam 
through the exit slit or electrode 5 is preferably high 
and may be substantially 100%. 
10 The cycle of switching a gate or regarding voltage 

ON for a time period ATI and then switching the gate or 
retarding voltage OFF for a subsequent time period AT2 
is preferably repeated multiple times in preferably a 
regular manner as illustrated in Fig. 6. For example, 
15 the ion beam attenuator may be switched at a rate which 
is preferably 50-100 times faster than the acquisition 
rate of a mass analyser used to mass analyse the ion 
beam. According to less preferred embodiments the ion 
beam attenuator may be switched between modes in a non- 
20 regular or variable manner. 

The preferred electrode arrangement as operated 
according to the preferred embodiment can be considered 
to comprise a pulsed transmission ion gate or ion beam 
attenuator having a mark space ratio given by: 



25 



AT2/AT1 



The average relative transmission of the ion beam 
will be proportional to the duty cycle of the ion gate 
30 which is given by: 

AT2/ (AT1+AT2) 
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In the voltage timing diagram shown in Fig. 6 the 
mark space ratio AT2/AT1 is 1:9 and the duty cycle is 
0.1. Therefore, the ion beam intensity is attenuated by 
5 the ion beam attenuator by 90%'i*e. the ion beam exiting 
the ion beam attenuator is only 10% of the intensity of 
the ion beam received by the ion b&am attenuator. 

Fig, 7 shows an alternative low transmission mode 
of operation wherein this ion beam is deflected (rather 
10 than reflected] by the application of a raised positive 
voltage to one of the second electrodes 3a. The ion 
beam attenuator may therefore be considered in this 
embodiment to comprise a pulsed transmission ion gate 
having a deflection electrode 3a- During the time 
15 period ATI of 2&ro ion transmission a deflection voltage 
is preferably applied to the deflection electrode 3a 
such that the ion beam passing through the ion beam 
attenuator is deflected and falls incident upon the 
front surface of one of the third electrodes 4b, As a 
20 result the ion transmission through the exit slit or 

electrode 5 is preferably substantially zero. The ion 
beam attenuator is then preferably switched to a high 
transmission mode of operation wherein the deflection 
voltage applied to one of the second electrodes 3a is 
25 preferably turned OFF {or substantially reduced) for a 
time period AT2. Accordingly, the transmission of the 
ion beam through the e^it slit or electrode 5 is 
correspondingly high in this mode of operation. The 
time period AT2 is preferably shorter than the time 
30 period ATI . 

The ion beam lb which emerges froan the preferred 
ion beam attenuator 6 preferably has an overall average 
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intensity which is lower than the intensity of the ion 
beam la received by the ion beam attenuator 5 i.e. the 
number of ions emerging per unit time is reduced- In a 
preferred embodiment the total cycle time (i.e. the sum 
5 of the time period ATI spent in a low or zero 

transmission made of operation and the time period AT2 
spent in a high transmission mode) of the ion beam 
attenuator 6 is preferably of the order of 100-1000 ye- 
However, according to less preferred embodiments the 
10 total cycle time may be shorter or longer than this. 

According to the preferred embodiment the degree of 
attenuation of an ion beam by the ion beam attenuator 6 
is controlled by controlling the duty cycle of the ion 
beam attenuator 6* For example, in Order to increase 
15 the degree or amourxt of attenuation of the ion beam the 
marlc space ratio or duty cycle may be varied such that 
the time period ATI spent in a low or zero transmission 
mode of operation is relatively increased compared to 
the time period AT2 spent in a high transmission mode of 
20 operation* 

According to an embodiment one or more ion guides 
may be arranged upstream and/or downstream of the ion 
beam attenuator 6. At least one of the ion guides may 
be maintained at a pressure in the range > 1CT 3 mbar and 
25 may preferably act as a gas collision cell. The 

relatively high pressure ion guide may be arranged so as 
to effectively decouple the ion beam attenuator 6 from 
the rest of the mass spectrometer* According to an 
embodiment the high pressure ion guide or gas cell may 
30 be arranged downstream of the ion beam attenuator. The 
relatively high pressure ion guide preferably improves 
operation of the mass spectrometer when the ion beam 
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attenuator 6 is used ill conjunction with an orthogonal 
acceleration Time of Flight (TOD mass analyser. 

The ion guide may comprise an AC or RF multipole 
rod set, a segmented RJT or AC multipole rod set, an AC 
5 or RF stacked ring ion tunnel ion guide or an AC or RF 
stacked ring ion funnel ion guide. The ion guide may 
optionally utilise a linear acceleration field (i.e. a 
constant DC voltage gradient} and/or a traveling DC 
voltage or voltage waveform may be applied to the 
10 electrodes of the ion guide in order to propel ions 

through or along at least a portion of the ion guide. 
The traveling DC voltage method preferably involves 
applying one or more time varying or transient DC 
potentials or DC potential waveforms to at least a 
15 portion of the one or more ion guides in order to urge 
ions along at least a portion of the one or more ion 
guides- This approach may also be used to ensure that 
ions are resident in the ion guide for a total time 
applicable to the particular mode of operation of the 
2D pulsed ion gate. 

Advantageously, an ion beam can preferably be 
attenuated by a precisely controlled amount using the 
preferred ion beam attenuator 6 without affecting the 
mass resolution, mass calibration or mass accuracy of, 
25 for example, an orthogonal acceleration Time of Flight 
mass analyser or other form of mass analyser arranged 
downstream of the ion beam attenuator and optional ion 
guide . 

A particularly preferred embodiment is contemplated 
30 comprising either an Electrospray or MALDI ion source, 
followed by an ion guide. The ion guide is followed by 
a first mass filter preferably a quadrupole rod set mass 
filter. An ion beam attenuator according to a preferred 
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embodiment is then preferably arranged downstream of the 
first mass filter. A gas cell or relatively high 
pressure ion guide may be arranged downstream of the ion 
beam attenuator. A Time of Flight mass analyser or 
5 other form of mass analyser is preferably arranged 
downstream of the gas cell and ion beam attenuator. 
Such an arrangement allows MS and MS-MS experiments to 

be performed. 

Fig. 6 shows a SIMION (RTM) model of an ion beam 
10 attenuator 6 according to a preferred embodiment in a 
high transmission mode of operation. In this mode of 
operation the ion beam attenuator 6 was arranged to 
transmit ions with preferably 100? efficiency. Fig. 8 
shows the path taken by a beam of positive ions la 
15 hairing an axial energy of 3eVand exiting an RF-only 
hexapole ion guide 10 maintained at a relatively low 
pressure arranged upstream of the ion beam attenuator S. 
The hexapole ion guide 10 was maintained at a relative 
potential of OV. The first electrodes 2a, 2b of the ion 
2 0 beam attenuator 6 were held at a relative potential of 
-57V,- the second electrodes 3a, 3b were held at a 
relative potential of -2V and the third electrodes 4a, 4b 
were held at a relative potential of -IV. A relatively 
high pressure ion guide 6 was modelled as being provided 
2 5 downstream of the ion beam attenuator' 6 to receive ions 
emitted by the ion beam attenuator 6. The ion guide 3 
was modelled as being held at a relative potential of 
-2V. As can be seen from Fig. 8 ions were focus sed by 
the ion beam attenuator 6 to a point just beyond or 
30 downstream of the second electrodes 3a, 3b and between 
the second electrodes 3a, 3b and the third electrodes 
4a r 4b. The ions are shown onwardly transmitted to the 
ion guide 8 with a high (e.g. 100%) transmission- 
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Fig. 9 shows a three-dimensional potential energy 
diagram showing the potential energy profile within the 
ion beam attenuator 6 when the ion beam attenuator 6 is 
maintained in the high transmission mode as described 
5 above in relation to Fig. 8, 

Fig. 10 shows a SIMION (RTM) model of an ion beam 
attenuator 6 according to a preferred embodiment in a 
low transmission mode of operation. In this mode of 
operation the ion beam attenuator 6 was arranged to 
10 substantially attenuate ions, preferably such that no 
ions exit the ion beam attenuator 6 in this mode of 
operation. Fig. 10 shows the ion path 'taken by a beam 
of positive ions la having an axial energy of 3eV and 
exiting an RF-only hexapole ion guide 10 maintained at a 
15 relatively low pressure. The hexapole ion guide 10 was 
maintained at a relative potential of QV. One of the 
first electrodes 2a was held at a relative potential of 
. -47V and the other of the first electrodes 2b was held 
at a relative potential of -67V. The second electrodes 
2 0 3a, 3b were both held at a relative potential of +8V and 
the third electrodes 4a, 4b were both held at a relative 
potential of -IV. As with the embodiment shown and 
described in relation to Figs. 8 and 9,,a relatively 
high pressure ion guide 8 is shown located downstream of 
25 the ion beam attenuator 6 and was modelled as being held 
at a relative potential of -2V. Ions were accelerated 
by the first electrodes 2a, 2b but they were also 
deflected off axis by the different potentials at which 
the first electrodes 2a, 2b were maintained. The ions 
were then retarded by the relatively high potentials at 
which the second electrodes 3a, 3b were maintained (e,g. 
+ 8V) . Ions which were retarded by the electric field 
between the first electrodes 2a, 2b and the second 
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electrodes 3a f 3b were reaccelerated back towards the 
rear surface of one of the first electrodes 2a. 
Preferably, hone of the ions pass beyond the second 
electrodes 3a, 3b and hence preferably no ions exit the 
5 ion beam attenuator 6 in this mode of operation. The 
ion transmission through the ion beam attenuator 6 is 
therefore preferably zero in this low transmission mode 

of operation* 

Fig. 11 shows a three-dimensional potential energy 
10 diagram showing the potential energy profile within the 
" ion beam attenuator 6 when the ion beam attenuator 6 is 
maintained in the low transmission mode as described 
above in relation to Fig- 10. 

Fig- 12 shows an experimentally determined 
15 relationship between the observed relative transmission 
of an ion beam through the preferred ion beam attenuator 
6 and the duty cycle of the ion beam attenuator 6 
according to the preferred embodiment. It can be seen 
that there is a direct and predictable relationship 
between the relative transmission and the duty cycle of 
the ion beam attenuator 6. For clarity the data shown 
in Fig. 12 has been re-plotted in Fig. 13 as log of the 
relative transmission versus log of the duty cycle of 
the ion beam attenuator- The cycle time for the 
25 particular experiment, the results of which are shown in 
both Figs. 12 and 13, was fixed at 300 us. 

Fig. 14A shows a mass spectrum obtained using an 
Electrospray Ionisation ion source and MS-MS analysis 
with' an orthogonal acceleration Time of Flight mass 
3D spectrometer incorporating a preferred ion beam 

' attenuator-" The mass spectrum was obtained by infusing 
(Glu) -f ibrinopeptida-B (having a mass to charge ratio of 
185,8) . The mass spectrum shown in Fig. 14A was 
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acquired when the ion beam attenuator was constantly 
operated at full transmission i.e. was effectively- 
redundant. Ten mass spectra were obtained, each. over a 
period of 1.2 s. The ten mass spectra were then 
5 averaged to produce the mass spectrum shown in Fig. 14A. 
Fig. 14B shows a mass spectrum obtained in a 
similar manner to that shown in Fig. 14A except that 
the ion beam was attenuated by 90% by an ion beam 
attenuator operated according to the preferred 
10 embodiment. The ion beam attenuator 6 was pulsed with a 
duty cycle of 0.1 and a total cycle time of 300 us. 100 
mass spectra were obtained, each over a period of 1.2 s. 
The 100 mass spectra were then averaged to produce the 
mass spectrum shown in Fig, 14B. It can be seen from 
15 comparing Figs- 14A and 14B that the amount of 

attenuation is constant for peaks over the entire mass 
range shown i.e. the ion beam attenuator advantageously 
attenuates the ion beam independently of the mass to 
charge ratio of ions in the ion beam. The precise 
measured attenuation factor based upon the intensity of 
the most intense peak having a mass to charge ratio of 
684.35 was determined to be 89.9%. 

Fig. ISA shows in greater detail the mass spectrum 
shown in Fig. 14A across the narrower mass range m/z 
25 1171 to 1175. Similarly, Fig. 15B shows in greater 

detail the mass spectrum shown in Fig. 14B across the 
narrower mass range m/s 1171 to 1175. No effect on peak 
resolution peak shape or mass to charge ratio is evident 
due to the action of the ion beam attenuator. 

The preferred ion beam attenuator described above 
may be used, for example, to provide controlled 
attenuation of a continuous ion beam which is then 
subsequently mass analysed by an orthogonal acceleration 
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Time of Flight mass analyser, an axial acceleration Tims 
of Flight mass analyser, a 3D ion trap mass analyser, a 
2D linear ion trap mass analyser, a Fourier Transform 
Ion Cyclotron Resonance ( " FT ICR" ) mass analyser, a 
magnetic sector mass analyser or a quadrupole mass 
analyser. 

Embodiments are contemplated wherein 'an ion beam 
passing through the ion beam attenuator may be subjected 
to MS , MSMS or MS n analysis- 

The preferred ion beam attenuator as described 
above may be used, for example, to provide controlled 
attenuation of an ion beam emitted from an ion source 
such as, for example, an Electrospray Ionisation ion 
source, an APPI ion source, an APCI ion source, a Matrix 
15 Assisted Laser Desorption Ionisation ion source, a LDI 
• ion source, an APMALDl ion source, a ion source, an 

Electron Impact ion source, a CI ion source, a FI ion 
source, a FD ion source, an ICP ion source, a FAB ion 
source or a LSIMS ion source. 

According to an embodiment of the present invention 
the attenuation factor of ion beam attenuator may be 
automatically and precisely controlled during analysis. 
For example, a measurement of the ion current may be 
made at regular intervals during an analysis. The 
25 amount of attenuation required may then be repeatedly 
calculated from this measurement as the analysis 
proceeds. The measurement of ion current may be made, 
for example, by examination of the mass spectral data 
recorded as the analysis proceeds. The total ion 
current recorded or the ion current at one or more 
selected mass to charge ratios may then be used to 
determine the attenuation factor of the ion beam 
attenuator for the next mass spectrum to be recorded- 
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According to another embodiment during tin* period 
of time that the ion beam attenuator is operated in a 
zero transmission mode of operation, ions may be 
directed towards a separate ion detector preferably 
5 close to the ion beam attenuator. The signal, recorded 
using this ion detector may be used to calculate the 
total ion current at the ion beam attenuator based on 
the duty cycle. This measurement may then be used to 
calculate a new duty cycle for the ion gate or ion beam 

10 attenuator if the ion current exceeds the allowable 

l eve l which can be accommodated by the mass analyser or 
ion detector employed. For example, this method 
provides a way of automatically reducing the number of 
ions per unit time which enter an ion trap mass analyser 

15 based upon the known maximum number of ions which can be 
permitted* 

According to other less preferred embodiments the 
ion beam may be rapidly pulsed between sera (or low) 
transmission and a relatively high transmission using 

20 other electrostatic, magnetic or mechanical 

arrangements t For example, according to a less 
preferred embodiment a mechanical shutter may be used as 
an ion beam attenuator . 

According to a less preferred embodiment the 

25 transmission does not necessarily have to be reduced to 
ssro during the low transmission mode. Instead,, for 
example, the transmission may be reduced to a 
transmission > 0%. However, if the ion transmission in 
the low transmission mode of operation is not reduced to 

3D 0% then there may be a risk of surface charging effects 
occurring which could cause instability in the 
attenuation factor by which the ion beam is attenuated * 
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Although the present invention has been described 
with reference to preferred embodiments, it will be 
understood by those skilled in the art that various 
changes in form and detail may be made without departing 
from the scope of the invention as set forth in the 
accompanying claims. 
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Claims 



X. a mass spectrometer comprising: 

an ion beam attenuator for attenuating a beam of 
ions, wherein, in use, the beam of ions has a first 
intensity prior to passing through, said ion beam 
attenuator and has a second intensity downstream of said 
ion beam attenuator, wherein said second intensity is x% 
of said first intensity; 

wherein, in use, said ion beam attenuator 
attenuates said beam of ions from said first intensity 
to said second intensity by being repeatedly switched 
15 between a low transmission mode of operation wherein the 
transmission of ions through the ion beam attenuator is 
substantially y% and a high transmission mode of 
operation wherein the transmission of ions through the 
ion beam attenuator is z%, wherein z>y. 



2. A mass spectrometer as claimed in claim 1, wherein 
x is selected from the group consisting of; (i) < 0.1; 
<ii) 0.1-0.5; Ciii} 0.5-1; (iv) 1-5; (ir) 5-10; (vi) 10- 
15; (vii) 15-20; (viii) 20-25; (ix) 25-30; <x) 30-35; 
25 (xi> 35-40; (xii) 40-45,- (xiii) 45-50; <xiv> 50-55; (xv) 
55-60; (xvi) 60-65; (wrii) 65-70; (xviii) 70-75; (xix) 
75-B0; <xx) 80-35; (xxi) 85-90; (xxii) 90-95,- and 
ixxiii) 95-93.99. 



3, A mass spectrometer as claimed in claim 1 or 2, 
wherein y — 0 . 
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4. A mass spectrometer as claimed in claim 1 or 2 f 
wherein y > 0. 

5. A mass spectrometer as claimed in claim 4, wherein 
5 y is selected from the group consisting* gf: (i) < 0-1; 

(ii) 0.1-0.5; (iii) 0.5-1; (iv) 1-5; (v) 5-10; (vij 10- 
15; fvii) 15-20; (viii) 20-25; (ix) 25-30; (x) 30-35; 
(xi) 35-40; (xii) 40-45; (xiii) 45-50; (xiv) 50-55; (xv) 
55-60; (xvi) 60-65; (xvii) 65-70; (xviii) 70-75; {xix) 
10 75-80; {xx) 80-85; (xxi) 65-90; and (xxii) > 90. 

€♦ A mass spectrometer as claimed in any preceding 
claim, wherein a = 100* 

15 7* Amass spectrometer as claimed in any of claims 1- 
5, wherein z < 100. 

8, A mass spectrometer as claimed in claim 7 r wherein 
z i£ selected from the group consisting of: [ij < 1; 

20 {ii) 1-5; (iii) 5-10; (iv) 10-15; (v) 15-20; (vi) 20-25; 
(vii) 25-30; (vill) 30-35; (ix) 35-40; (x) 40-45; (xi) 
45-50; (xii) 50-55; (xiii) 55-60; (xiv) 60-65; (xv) 65- 
70; (xvi) 70-75; (xvii) 73-80; (xviii) 80-35; [xixj 85- 
90; (xx) 90-95; and (xxi> 95-99.99- 

25 

9 . A mass spectrometer as claimed in any preceding 
claim, wherein said ion beam attenuator is in said low 
transmission mode of operation for a time period ATi and 
is in said high transmission mode of operation for a 

30 time period AT2, 

10 * A mass spectrometer as claimed in claim 9, wherein 

Alt > A?2- 
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11. A mass spectrometer as claimed in claim 9 or 10, 
wherein said time period AT X is selected from the group 
consisting of: (i) < 0.1 us; (ii) 0-1-0.5 us; (iii) 0.3- 
5 1 \is; (iv) 1-50 us; (v) 50-100 us; (vi> 100-150 us ; 

(vii) 150-200 us; (viii) 200-250 us; (ix) 250-300 us; 
(x) 300-350 us; <xi) 350-400 us; <xii> 450-500 us; 
(xiii) 500-550 us; Uiv) 550-600; (stv) 600-650 us; (xvi) 
650-700 us; (Kvii) 700-750 »0/ (xviii) 750-800 F s; (xix) 
10 800-850 us; (xx) S50-900 us ; (xxi) 900-950 us; (xxii) 

950-1000 us; (xxiii) 1-10 ms; (xxiv) 10-50 ms; (xxv) 50- 
100 ms; (xxvi) > 100 ms . 

12. A mass spectrometer as claimed in claim 9, 10 or 
15 11, wherein said time period AT 2 is selected from the 

group consisting of: (i) < 0.1 us; (ii) 0.1-0.5 us ! 
(iii) 0.5-1 us? (iv) 1-50 us; (v) 50-100 us; <vi) 100- 

150 us; (vii) '150-200 us; (viii) 200-250 us; (ix) 250- 

300 us; (X) 300-350 us; (xi) 350-400 US," (xii) 450-500 
20 us? txiii) 500-550 us? Uiv) 550-600; (xv) 600-650 us; 

(xvi) 650-700 US; (xvii) 700-750 us; (xviii) 750-800 us; 
{xix) 800-B50 us; (xx) 850-900 us; Uxi) 900-950 us; 
(xxii) 950-1000 us; (xxiii) 1-10 ms; (xxiv) 10-50 ms; 
(xxv) 50-100 ms; (xxvi) > 100 ms- 

25 

13. A mass spectrometer as claimed in any of claims 53- 

12, further comprising a control device wherein, in use, 
said control device adjusts either the time period ATi 
and/or the time period AT 2 in order to adjust said 

30 second intensity. 

14, A mass spectrometer as claimed in any of claims 9- 

13, wherein in use the mark space ratio AT2/ ATi is 
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adjusted in order to adjust the ratio of said second 
intensity to said first intensity. 

15. A mass spectrometer as claimed in any of claims 9- 
5 14, further comprising an ion detector wherein in said 
low transmission mode of operation at least a portion of 
the beam of ions is substantially directed towards said 
ion detactor and wherein said ion detector measures the 
ion current of said beam of ions. 
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16. A mass spectrometer as claimed in claim 15, wherein 
said control device adjusts either the time period AT* 
and/or the time period AT 2 in order to adjust said 
second intensity based upon the ion current as measured 
15 by said ion detector. 

•17. A mass spectrometer as claimed in any preceding 
claim, wherein said ion beam attenuator is in said low 
transmission mode of operation for a time period ATx and 

20 is in said high transmission mode of operation for a 

time period AT* and wherein in the event of one or more 
iuass peaks in one or more mass spectra being determined 
to suffer from saturation effects or approaching 
saturation then either the time period AT X and/or the 

25 time period AT 2 are adjusted in order to adjust said 
second intensity* 

18, A mass spectrometer as claimed in any preceding 
claim, wherein said ion beam attenuator is in said low 
30 transmission mode of operation for a time period ATi and 
is in said high transmission mode of operation for a 
time period AT, and wherein in the event of mass data or 
mass spectral data being determined to suffer frt 
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saturation effects or approaching saturation then either 
the time period ATj. and/or the time period AT 2 are 
adjusted in order to adjust said second intensity- 

5 19- A mass spectrometer as claimed in any preceding 
claim, wherein said ion beam attenuator is ift said low 
transmission mode of operation for a time period AT 2 and 
is in said high transmission mode of operation for a 
time period AT S and wherein in the event of the ion 
10 current being determined to exceed a certain level then 
either the time period ATi and/or the time period AT Z are 
adjusted in order to adjust said second intensity. 

20. A mass spectrometer as claimed in any preceding 
15 claim, wherein said ion beam attenuator comprises an 

electrostatic lens . 

21. Amass spectrometer as claimed in claim 20, wherein 
said electrostatic lens comprises a plurality of 
electrodes wherein first voltages are applied to at 
least some of said electrodes in said low transmission 
mode of operation and wherein second different voltages 
are applied to at least some of said electrodes in said 
high transmission mode of operation. 

22 . . A mass spectrometer as claimed in claim, 20 or 21, 
wherein said electrostatic lens comprises an Einsel lens 
comprising at least three electrodes, 

3D 23. A mass spectrometer as claimed in any preceding 
claim, wherein in said low transmission mode of 
operation said beam of ions is: (a) retarded or 
reflected; and/or (b) deflected or diverted. 
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24. A mass spectrometer as claimed in any preceding . 
claim/ wherein said ion beam attenuator comprises a 
mechanical shutter. 

5 

25. A mass spectrometer as claimed in any preceding 
claim, wherein said ion beam attenuator comprises a 
magnetic ion gate. 



10 



26. A mass spectrometer as claimed in any preceding 
claim, further comprising one or more mass filters 
arranged upstream and/or downstream of said ion beam 
attenuator. 

15 27, A mass spectrometer as claimed in any preceding 
claim, further comprising one or more ion guides 
arranged upstream and/or downstream of said ion beam 
attenuator . 

20 28. Amass spectrometer as claimed in claim 21, wherein 
said one or more ion guides are maintained, in use, at a 
pressure selected from the group consisting of: (i) < 
0.001 mbar; "(ii) 0 . 001-Q , 005 mbar; (iii> 0.005-0.01 
mbar; (iv) 0 . 01-0 . 05 mbar; (v) 0.05-0.1 mbar; (vi) 0.1- 

25 0.5 mbar; (vii) 0.5-1 mbar; and (viii) > 1 mbar. 

29. A mass spectrometer as claimed in claim 27 or 28, 
wherein said one or more ion guides comprise a gas 
collision cell- 



30 



30. A mass spectrometer as claimed in claim 27, 23 or 
2 9, wherein in use one or more axial DC potential 
gradients are maintained along at least 5%, 10%, 15%, 
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20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 
75%, 80%, 85%, 90%, 95% or 100% of said one or more ion 
guides . 

5 31, Amass spectrometer as claimed in any of claims 27- 

30, wherein in use one or more time varying DC 
potentials or DC potential waveforms are applied to at 
least a portion of said one or more ion guides so that 
at least some ions are urged along said one or more ion 

10 guides* _ 

32. A mass spectrometer as claimed in any of claims 27- 

31, wherein in use one or more axial trapping regions 
are provided within said one or more ion guides and 

15 wherein said one or more axial trapping regions are 

translated along at least a portion of said one or more 
ion guides , 

33, A mass spectrometer as claimed in any of claims 27- 
20 32, wherein said one or more ion guides are selected 

from the group consisting of: (i) an RF or AC multipole 
rod set ion guide; (ii) a segmented RF or AC multipole 
rod set ion guide; (iii) an RF or AC ion tunnel ion 
guide comprising a plurality of electrodes having 
25 apertures through which ions are transmitted in use and 
" wherein at least 50% of said electrodes have 
substantially similar sized apertures; and <iv) an RF or 
AC ion funnel ion guide comprising a plurality of 
electrodes having apertures through which ions are 
3 0 transmitted in use and wherein at least 50% of said 
electrodes have apertures which become progressively 
larger or smaller- 
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34. A mass spectrometer as claimed in any preceding 
claim, further comprising a mass analyser. 

35. A mass spectrometer as claimed in claim 34, wherein 
said mass analyser acquires and mass analyses ions, in 
use, with a frequency i x and wherein said ion beam 
attenuator switches, in use, from said low transmission 
mode of operation to said high transmission mode of 
operation with a frequency f 2 . 

36. A mass spectrometer as claimed in claim 35, wherein 
frequency f 2 is asynchronous with frequency fi- 



37. A mass spectrometer as claimed in claim 35 or 3 6, 
15 wherein iz > f l * 

33. A mass spectrometer as claimed in claim 37, wherein 

f 2 / fl is at least: (1) 2; (ii) 3; (iv) 4; (v) 5; {vi> 6; 

(vii) 7; (viii) 8; (ix) 9; £x) 10? Ui> 15 '" < xii > 20; 
20 (xiii) 25; (xiv) 30; <xv) 35; (xvi) 40; (xvii) 45; 

(xviii) 5D; (xix) 55; (XX ) 60; (xxi) .65; (xxii) 70; 

(xxiii) 75; (xxiv) 80; (XXV) 85; (xxvi) 90; (xxvii) 95; 

( X *viii) 100; (xxix) HO; (xxx) 120; (xxxi) 130; (xxxii) 

140; (xsxiv) 150; (xxxv) 160; (xsxvi) 170; (xxxvii) 180; 
25 (xxxviii) 190; (xxxix) 200; (xxxx) 250; (xxxxi) 300; 

(xxxxii) 350; (xxxxiii) 400; (xxxxiv) 450; and (xxxxv) 

500. 

39. A mass spectrometer as claimed in any of claims 34- 
30 38, wherein said mass analyser is selected from the 

group consisting of: (i) an orthogonal acceleration Time 
of Flight mass analyser; (ii) an axial acceleration Time 
of Plight mass analyser; (iii) a 3D ion- trap mass 
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analyser; (iv) a linear ion trap mass analyser; (v) a 
Fourier Transform Ion Cyclotron Resonance mass analyser; 
(vi) a magnetic sector mass analyser; and (vii) a 
quadrupole mass analyser. 

5 

40. A mass spectrometer as claimed in any preceding 
claim, further comprising an ion source arranged 
upstream of said ion beam attenuator, wherein said ion 
source is selected from the group consisting of: (i) an 
10 Electrospray ("ESI") ion source; (ii) an Atmospheric 

Pressure Photo lonisation ("APPI") ion source; (iii> an 
Atmospheric Pressure Chemical lonisation ("AFCI") ion 
source; (iv) a Matrix Assisted Laser Desorption 
lonisation ("MALDI") ion source; ( v) a laser Desorption 
15 lonisation {"LDI") ion source; (vi) an Atmospheric 
Pressure MALDI ( Tr AEMALDI' T } ion source;, (^rii) a 
Desorption- lonisation on Silicon ("BIOS") ion source; 

[viii) an Electron Impact ("EI") ion source; (ix) a 
Chemical lonisation ("CI") ion source; (x) a Field 
20 lonisation ("FI"} ion source; (xi) a Field Desorption 
("FD") ion source; (xii) an Inductively Coupled Plasma 
("ICF") ion source; (xiii) a Fast Atom Bombardment 
("FAB") ion source; (xiv) a Liquid Secondary Ions Mass 
Spectrometry ("LSIMS") ion source, 

25 

41- A mass spectrometer comprising 2 

an ion b^am attenuator, wherein in use said ion 
b^aiti attenuator attenuates an ion beam passing through 
an ion beam attenuator, wherein during one cycle said 
30 ion beam attenuator substantially attenuates said ion 
beam for a time period ATi and substantially transmits 
said ion beam for a time period AT £ ; and 
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a control device for adjusting the mark space ratio 
AT 3 /ATi in, order to adjust the degree of attenuation of 
said ion beam ■ attenuator . 

5 42. A mass spectrometer comprising; 

an ion beam attenuator, wherein in use said ion 
beam attenuator attenuates an ion beam passing through 
an ion beam attenuator r wherein during one cycle said 
ion beam attenuator substantially attenuates said ion 
10 beam for a time period AT X and substantially transmits 
said ion beam for a time period AT 2 ; 

a mass analyser for mass analysing ions transmitted 
by said ion beam attenuator; and 

a control device for adjusting the mark space ratio 
15 AT 2 /ATi in order to adjust the degree of attenuation of 
said ion beam attenuator and hence to adjust the 
intensity of an ion beam received by said mass analyser. 

43- A method of mass spectrometry comprising:: 

passing a beam of ions having a first intensity to 
an ion beam attenuator; 

attenuating said beam of ions by repeatedly 
switching said ion beam attenuator between a low 
transmission mode of operation wherein the transmission 
of ions through the ion beam attenuator is substantially 
y% and a high transmission mode of operation wherein the 
transmission of ions through the ion beam attenuator is 
wherein z>y; and 
onwardly transmitting the beam of ions from said 
ion beam attenuator, wherein the beam of ions has a 
second intensity downstream of said ion beam attenuator, 
wherein said second intensity is x% of said first 
intensity. 



20 



25 



30 
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44. A method of mass spectrometry comprising: 

attenuating a continuous ion beam by an attenuation 
factor by passing said ion beam through an ion beam 
attenuator, wherein said ion beam attenuator is 
repeatedly switched between a low transmission mode of 
operation and a high transmission mode of operation, 
wherein said ion beam attenuator is in said low 
transmission mode of operation for a time period flTi and 
is in said high transmission mode of operation for a 

time period AT 2 ; and 

adjusting either the time period ATi and/or the 
time psrio d AT 2 in order to adjust said attenuation 
factor. 



45. A method of mass spectrometry comprising; 

transmitting a continuous ion beam having a first 
intensity to an ion beam attenuator ; 

repeatedly switching said ion beam attenuator 
20 between a low transmission mode of operation and a high 
transmission mode of operation, wherein said ion beam 
attenuator is in said low transmission mode of operation 
for a time period AT, and is in said high transmission 
mode of operation for a time period AT 2 ; 
25 onwardly transmitting an ion beam having a second 

intensity from said ion beam attenuator, said second 
intensity being less than said first intensity; 

determining whether said second intensity should be 

reduced; and 

3 0 adjusting either the time period ATi and/or the 

time period AT 2 in order to reduce said second 
intensity. 
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46. A method of mass spectrometry comprising; 
transmitting a continuous ion beam having a first 

intensity to an ion beam attenuator; 

repeatedly switching said ion beam attenuator 
5 between a low transmission mode of operation and a high 
transmission mode of operation, wherein said ion beam 
attenuator isi in said low transmission mode of operation 
for a time period ATi and is in said high transmission 
mode of operation far a time period AT 2 ; 
10 receiving ions exiting said ion beam attenuator in 

an ion guide, wherein the ions exiting said ion guide 
have a second intensity less than said first intensity/ 

determining whether said second intensity should be 
reduced; and 

15 adjusting either the time period ATi and/or the 

time period AT Z in order to reduce said second 
intensity, 

47, A method of mass spectrometry comprising: 

20 attenuating an ion beam by passing said ion beam 

through an ion beam attenuator f wherein during one cycle 
said ion beam attenuator substantially attenuates said 
ion beam for a time period ATi and substantially 
transmits said ion beam for a time period AJ 2 ,- and 
25 adjusting the mark space ratio aT^/AXj. in order to 

adjust the degree of attenuation of said ion beam 
attenuator . 



11035 



48. A method of mass spectrometry comprising: 
3D attenuating an ion beam by passing said ion beam 

through an ion beam attenuator; 

repeatedly switching the ion beam attenuator 
between a low transmission mode of operation and a high 
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transmission mode of operation with a relatively high 

frequency; and 

mass analysing the ion beam transmitted by said ion 
beam attenuator with a mass analyser, wherein ..said mass 
5 analyser samples or acquires ions to be mass analysed 
with a .relatively low frequency. 

49. A method as claimed in claim 48, wherein the 
frequency of switching the ion beam attenuator between a 
10 low transmission mode of operation and a high 

transmission mode of operation is asynchronous with the 
frequency at which said mass analyser samples or 
acquires ions to be mass analysed. 

15 50, A mass spectrometer comprising: 

an ion beam attenuator for attenuating a beam of 
ions, wherein, in use, said ion beam attenuator is 
repeatedly switched between a low transmission mode of 
operation and a high transmission mode of operation; and 

20 a mass analyser arranged to receive an attenuated 

beam, of ions from said ion beam attenuator, wherein in 
use said mass analyser mass analyses said attenuated ion 
beam in an asynchronous manner to the switching between 
modes of said ion beam attenuator- 



25 



30 



51. A mass spectrometer comprising: 

an ion beam attenuator for attenuating a beam of 
ions, wherein, in use, said ion beam attenuator is 
repeatedly switched between a low transmission mode of 
operation and a high transmission mode of operation at a 

first frequency; and 

a mass analyser arranged to received an attenuated 
beam of ions from said ion beam attenuator, wherein in 
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use said mass analyser mass analyses said attenuated ion 
beam with a second f requency, wherein said first 
frequency is greater than said second frequency* 

5 52, A mass spectrometer as claimed in claim 5l f wherein 
said first frequency is at least 10, 20, 30, 40, 50, 60, 
70, 80, . 90 or 100 times greater than said second 
frequency. 

10 53. A method of mass spectrometry comprising: 

attenuating a beam of ions by repeatedly switching 
an ion beam attenuator between a low transmission mode 
of operation and a high transmission mode of operation; 
and 

15 mass analysing an attenuated beam of ions emitted 

from said ion beam attenuator in an asynchronous manner 
to the switching between modes of said ion beam 
attenuator. 

20 54* A method of mass spectrometry comprising j 

attenuating a beam of ions by repeatedly switching 
at a first frequency an ion beam attenuator between a 
low transmission mode of operation and a high 
transmission mode of operation; and 

25 mass analysing with a second frequency an 

attenuated beam of ions emitted from said ion beam 
attenuator, wherein said first frequency is greater than 
said second frequency - 

3 0 55 * A method of mass spectrometry as claimed in claim 
54 f wherein s&id first frequency is at least lp, 20, 30, 
40, 50, 60, 70, 80, 90 or 100 times greater than said 
second frequency. 
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56* A mass spectrometer comprising: 
an ion beam, attenuator; 

a gas collision cell arranged downstream of said 
5 ion be&m attenuator; and 

a mass analyser arranged downstream of said gas 

collision cell; 

Wherein, in use, said ion beam attenuator is 
switched between a high transmission mode of operation 
10 and a low or zero transmission made of operation at 
- least 10, 20, 30, 40, 50, SO, 70, BO, 90 or 100 times 
faster than said mass analyser samples or acquires ions 
in order to mas^ analyse said ions* 



15 57 - A method of mass spectrometry comprising: 

providing an ion beam attenuator, a gas collision 
cell arrang&d downstream of said ion beam attenuator and 
a mass analyser arranged downstream of said gas 
collision cell; and 

20 switching said ion beam attenuator between a high 

transmission mode of operation and a low or zero 
transmission mode of operation at least 10, 20, 30, 40, 
50, 60 r 70, 80, .90 or 100 times faster than said mass 
analyser samples or acquires ions in order to mass 

25 analyse said ions- 

58. Amass spectrometer comprising! 

an ion beam attenuator for attenuating an ion beam 
by an attenuation factor wherein, in use, said ion beam 
3 0 attenuator is repeatedly switched ON and OFF; and 

a control device for varying the ratio of the time 
that said ion beam attenuator is ON to the time that 



21/05 '04 FRI 15:12 FAX 01273 244244 F . B . DEEM 11042 



- 39 - 

said ion beam attenuator is OFF in order to vary said 
attenuation factor. 

.59. A method of mass spectrometry comprising: 
5 attenuating an ion beam by an attenuation .factor by 

repeatedly switching an ion beam attenuator Otf and OFF; 
and 

varying the ratio of the time that said ion beam 
attenuator is ON to the time that said ion beam 
10 attenuator is OFF in order to vary said attenuation 
factor. 

60. A mass spectrometer comprising: 

a device for repeatedly chopping an ion beam in 
15 order to attenuate said ion beam. 

61. A mass spectrometer as claimed in claim 60, wherein 
said device repeatedly reduces the transmission of said 
ion beam to 0%, 

20 

62. A method of mass spectrometry comprising: 

. repeatedly chopping an ion beam in order to 
attenuate said ion beam. 

25 63. A method as claimed in claim 62, wherein said step 
of repeatedly chopping an ion beam comprises repeatedly 
reducing the transmission of said ion beam to 0%. 



30 



64. A mass spectrometer comprising: 

a device for attenuating an ion beam wherein the 
degree of attenuation of said ion beam is determined by 
setting a mark space ratio of said device. 



10104910 21-May-04 03::16 | 



21/05 .'04 FRI 15:12 FAX 01273 244244 F.B,BEEN 




- 40 - 

65. A method of mass spectrometry comprising: 
setting a mark spa.ce ratio of an ion b^am 
attenuator in order to attenuate an ion beam by a 
predetermined amount. 
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